the first, the inductors become strongly coupled -exchanging energy faster than they can acquire or dissipate it, and behaving like a single circuit in which the energy is evenly distributed 3, 4 . An electric circuit known as a rectifier then extracts the electromagnetic energy present in the second inductor and transfers it to the device to be charged.
One advantage of this approach over other techniques 6 is that it uses inductors and therefore mostly magnetic, rather than electric, fields. Because magnetic fields interact more weakly with living matter than do their electric counterparts, the method is safer for practical applications. Furthermore, energy can be transmitted wirelessly across distances of up to 1 metre, depending on the size of the coils 3, 4 . However, this approach has a considerable drawback. The strong coupling between the resonant inductors affects their electromagnetic properties in a manner that strongly depends on the separation and relative orientation of the inductors. Consequently, the properties of the radio source must be finetuned using an electronic circuit to achieve an efficient transfer of energy, which is difficult to accomplish unless the coils are static.
Assawaworrarit and colleagues use a profoundly different strategy, based on the concept of parity-time symmetry 7, 8 -a property of physical systems that do not change under mirror reflection and time inversion. Parity-time symmetry has its roots in quantum mechanics and it is still a matter of debate whether the symmetry is a fundamental property of nature. Nevertheless, classical (non-quantum) systems that have parity-time symmetry can be constructed artificially, which allows both the concept and its potential applications to be explored 9 . Such systems consist of symmetrically arranged parts that either absorb electromagnetic energy (dissipation channels) or emit and amplify it (gain channels). They have peculiar properties that have led to numerous advances, most notably in optical physics. For instance, a multimode laser, which comprises many different frequencies, can be turned into a single-mode laser using parity-time symmetry [10] [11] [12] . The authors exploit this idea through the realization that any electrical device (known as a load) that draws power from the receiving . An electric circuit known as a rectifier then extracts the energy from the receiving coil and transfers it to the device to be charged. In this approach, the efficiency of energy transfer between the coils is maximized only if their separation, D, has a particular value (dashed line). b, Assawaworrarit et al. 5 demonstrate an alternative method in which the source of radio waves is replaced by an amplifier, which amplifies the electromagnetic energy in the emitting coil. Thanks to a concept in fundamental physics called parity-time symmetry, the authors achieve the maximum energy-transfer efficiency between the coils, regardless of the coils' separation, up to a distance of about 70 centimetres (dashed line).
coil can be viewed as a dissipation channel, whereas an amplifier connected to the emitting coil can be viewed as a gain channel (Fig. 1b) . Then, if the resonant inductors are identical, and if the increase in electromagnetic energy provided by the amplifier exceeds a certain value that depends on the load, the whole system becomes parity-time symmetric. Such a system automatically selects the operating frequency that corresponds to the maximum transfer efficiency, regardless of the distance between the coils. The result is wireless power transfer that does not require static coils, a source of radio waves or a tuning circuit.
After validating their strategy using simulations, Assawaworrarit and colleagues demonstrate it experimentally. They connect a resonant inductor to an amplifier and an identical inductor to a resistor, which acts as a load. The authors observe wireless energy transfer with 100% efficiency, irrespective of the distance between the inductors, up to about 70 cm. Even more spectacularly, they show that when the resistor is replaced by a light-emitting diode, the diode's brightness is independent of the separation distance. The authors use numerical simulations to demonstrate that their system automatically adjusts its operating frequency in a period of tens of microseconds.
Assawaworrarit and colleagues' results are impressive on several grounds. First, they are a further proof that fundamental concepts from quantum mechanics -a rather obscure scientific discipline to the non-specialist -can lead to practical applications. Second, the authors' proposal substantially simplifies the design of wireless power chargers, replacing a finetuned source of radio waves with an amplifier. Last, and most importantly, the work opens up the possibility of robust and dynamic wireless power transfer. This idea is extremely appealing, whether it is applied to the charging of medical implants or to the powering up of moving electric vehicles.
However, realizing such applications will require further work. For instance, although Assawaworrarit et al. demonstrate that the efficiency of energy transfer between the coils is 100%, this is not the case for transfer between the power supply and the load. Overcoming this limitation will require a highly optimized amplifier that could be unreasonably expensive.
Additionally, the authors show that the transfer efficiency is unaffected if the receiving coil is moved along the axis that connects the emitting and receiving coils. But in practical applications, the receiving coil will probably move perpendicular to this axis -for example, in the case of an electric vehicle, the emitting coil would be in the ground and the receiving coil would be underneath the vehicle parallel to the ground. Will this affect the parity-time symmetry of the system and its behaviour? Furthermore, if the receiving coil moves at a relatively high speed with respect to the static emitting coil, will the amount of energy transferred be enough for the technology to be useful? These questions need to be answered before this beautiful concept can have reallife applications; however, it already builds an inspiring bridge between the worlds of quantum physics and engineering. ■ 
Geoffroy Lerosey

